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ROTARY SEALS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is an ordinary utility application of provisional Ser. 
No. 61/055,907, filed May 23, 2008, the contents of which are 
expressly incorporated herein by reference as if set forth in 
full. 

BACKGROUND 

Seal assemblies are generally discussed herein for sealing 
a first environment or chamber from a second environment or 
chamber with particular discussions extended to rotary shaft 
seals in which a seal is retained withina housing on a shaft and 
a constant pressure is exerted by the seal on the shaft to 
maintain a dynamic seal between the shaft and the seal. More 
particularly, rotary seals for use in abrasive environments, 
Such as mud pumps, sludge pumps, and recovery pumps, to 
name a few, are discussed. 

Seal assemblies for rotating, reciprocating, and face seal 
applications are well known in the art and are taught by, for 
example, U.S. Pat. Nos. 4,805,943; 4,830,344; 5,134,244; 
5,265,890; 5,979,904; 5,984,316; 5,992,856; 6,050,572: 
6,161,838; 6.264,205; and 6,641,141, the contents of each of 
which are expressly incorporated herein by reference. 

Prior art polytetrafluoroethylene (PTFE) based seals, 
either as pure PTFE or PTFE composites, are preferred by 
some because they provide flexibility, low-friction, and self 
lubrication when used in sealing arrangements with a moving 
shaft, such as a rotating or reciprocating shaft. However, 
PTFE material used in making seals can wear faster than 
desired when used in abrasive environments. Thus, operating 
life of PTFE-based seals is shorter than preferred when 
placed in these applications and conditions. 

SUMMARY 

Aspects of the present invention comprises a seal assembly 
comprising a rigid backing ring made of a first material hav 
ing an axially extending flange; a seal ring made of a second 
material positioned next to the backing ring and in mechani 
cal engagement with the backing ring and having a sealing lip, 
an inner seal ring made of a third material in mechanical 
contact with the seal ring; a retaining ring positioned away 
from the backing ring for fitting against a housing; and an 
energizer for biasing the sealing lip in a radial direction, and 
wherein the inner seal ring is configured to receive a plurality 
of particles. 

In a particular application of the seal assembly, the par 
ticles are abrasive particles present in a fluid medium. 

In an embodiment, the seal ring comprises a PTFE mate 
rial. In other embodiments, the seal ring is made from a PTFE 
filled type seal material or from ultra high molecular weight 
polyethylene (UHMWPE). 

In an embodiment, the inner seal ring is made from a 
resilient elastomer. The inner seal ring of the seal assembly 
may be considered a sacrificial layer in that it is configured to 
wear before the seal ring wears to a point that the seal ring no 
longer forms a seal against a shaft. 

In an embodiment, the backing ring is made from a PEEK 
material, ferrous metal, or a non-ferrous metal. In other 
embodiments, the backing ring is made from an engineered 
polymer material, such as, for example, ULTEM, PEKK, 
PAEK, PEI, or otherhigh performance engineering polymers. 
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2 
In a preferred embodiment, the energizer is a canted-coil 

Spring. 
In a further aspect of the present invention, a combination 

seal assembly and shaft is provided. The combination com 
prising a seal ring comprising a receiving area and a seal lip in 
contact with the shaft; an inner seal ring comprising a receiv 
ing area received in the receiving area of the seal ring; an 
energizer positioned in the receiving area of the inner seal 
ring; a backing ring in contact with the seal ring; and wherein 
the inner seal is a sacrificial layer having a first state and a 
second state, said second state characterized by a surface 
having a plurality of particles not present when in the first 
State. 

The present invention is also directed to a method for 
forming a sacrificial layer in-situ comprising: providing a seal 
assembly having a sacrificial layer adjacent a seal layer, the 
sacrificial layer comprising an elastomer layer having a Sur 
face having a first concentration of particles; mounting the 
seal assembly onto a shaft and placing the shaft in dynamic 
motion; and wherein the sacrificial layer is configured to 
receive particles when the shaft is in dynamic motion so that 
the elastomer layer comprises a second concentration of par 
ticles, which is greater than the first concentration. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a cross-sectional side view of a seal assembly 
mounted on a moveable shaft inside a seal cavity. 

DETAILED DESCRIPTION 

The detailed description set forth below in connection with 
the appended drawings is intended as a description of the 
presently preferred embodiments of seal assemblies provided 
in accordance with aspects of the present invention and is not 
intended to represent the only forms in which the present 
invention may be constructed or utilized. The description sets 
forth the features and the steps for constructing and using the 
seal assemblies of the present invention in connection with 
the illustrated embodiments. It is to be understood, however, 
that the same or equivalent functions and structures may be 
accomplished by different embodiments that are also 
intended to be encompassed within the spirit and scope of the 
invention. 

With reference now to FIG. 1, there is shown a cross 
sectional side view of a seal assembly 10 mounted in a gland, 
stuffing box or seal cavity 12 of a rotating, oscillating, or static 
equipment, such as a pump, compressor, turbine, gearbox, or 
engine. The seal assembly 10 is mounted to a gland or equip 
ment housing 14 and is preferably stationary relative to the 
housing 14. The seal assembly is generally circular in nature 
and comprises an inside diameter 16 in dynamic Sealing com 
munication with a shaft 20 and an outside diameter 18 in static 
communication with an internal bore 22 of the housing 14. 
Known interference requirements between the seal and the 
shaft and the seal and the housing may be used to implement 
the preferred seal assembly. 

In the embodiment shown, the seal assembly 10 incorpo 
rates an externally facing backing ring 24, a seal ring or seal 
layer 26, an inner seal layer 28, a retaining or locking ring 30, 
and an energizer 32, which is preferably a canted-coil spring 
or O-ring (not shown) of suitable resilient characteristics for 
exerting the necessary force on the seal ring 26 and inner seal 
layer 28 to seal against the shaft 20. Exemplary O-rings or 
energizers are disclosed in U.S. Pat. Nos. 4,893,795; 4,974, 
821; 5,108,078; 5,139,276; and 7,175,441, the contents of 
each of which are expressly incorporated herein by reference. 
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The seal assembly shares certain features of a K-Series rotary 
seals from Bal Seal Engineering of Foothill Ranch, Calif. 
The backing ring 24 is configured to be mounted facing the 

low pressure region 32, Such as ambient atmosphere, while 
the inner seal layer 28 and the seal ring 26 are configured to 
seal the rotating equipment or device from leakage from the 
high pressure region 34. In an embodiment, the inner seal 
layer 28 is a sacrificial layer formed from an elastomeric 
material and has a cavity for accommodating the energizer 32. 
The sacrificial layer 28 is preferably resilient and in one 
embodiment is made from a HYTREL(R) elastomer, which is 
a thermoplastic polyester elastomer, of about a 60 D to 80 D 
durometer hardness. In certain embodiments, the sacrificial 
layer 28 is micro-balloon filled with a plurality of pockets or 
Voids. The pockets or Voids can facilitate in-situ Sacrificial 
layer formation, as further discussed below. In other embodi 
ments, the sacrificial layer is formed from a higher, relatively 
firmer, durometer, such as greater than 80 D durometer hard 
ness. In a preferred embodiment, the sacrificial layer is made 
from a softer material, i.e., more pliable, than the seal ring 26. 
In other embodiments, the sacrificial seal layer or ring 28 is 
made from a resilient elastomer, such as nitrile butadiene and 
urethane. In still other embodiments, the sacrificial seal layer 
is made from a number of commercially available thermo 
plastic elastomer material (TPE). 
The sacrificial layer 28 is placed in adjacent contact with 

the seal ring 26, which in one embodiment is made of a PTFE, 
PTFE filled type material, or UHMWPE material. Optionally, 
the two layers 26, 28 can be mechanically locked to one 
another, Such as using detents or tongue and groove arrange 
ment, or chemically secured together, Such as by glue or 
adhesive. Similarly, the backing ring 24 and the locking ring 
30 are held to the two seal layers through one or more detent 
arrangements. In one embodiment, the backing ring 24 is 
made from a PEEK material and the locking ring 30 is made 
from a metallic material. Such as stainless or other metal 
composites appropriate for the particular application. In other 
embodiments, the backing ring 24 is made from a ferrous 
metal or a non-ferrous metal. In other embodiments, the back 
ing ring is made from an engineered polymer material. Such 
as, for example, ULTEM, PEKK. PAEK, PEI, or other high 
performance engineering polymers. 
When the seal assembly 10 is used in an abrasive environ 

ment, abrasive particles such as sand, hydrocarbon-based 
particles, for example, coke fines or slurries, can be drawn to 
the dynamic sealing interface 36 where the two seal layers 26, 
28 contact the shaft 20. Abrasive particles trapped in the small 
gap or interface between the shaft and the seal layers normally 
can wear the seal layer 26 and the sacrificial layer 28 and 
eventually create a path for fluid or medium leakage from 
between the high pressure region 34 to the low pressure 
region 32. In the present embodiment, the sacrificial layer 28 
is configured to absorb particles, slurries, coke fines, and the 
like, herein media particles. Said differently, the media par 
ticles are configured to embed into the sacrificial layer 28 so 
that a new modified sacrificial layer is formed in-situ that 
comprises a particle-filled sacrificial layer having a higher 
concentration of particles than prior being placed in service. 
Thus, as the concentration of particles in the sacrificial layer 
increases overtime, the wear rate on either the sacrificial layer 
or the seal layer or both diminishes due to the newly created 
sacrificial layer, which has the effect of causing like particles 
to wear against themselves. The net effect is a reduction in 
sacrificial Surface wear, which in turn protects the sealing 
layer 26 from the abrasive environment and therefore does not 
wear at the same rate as compared to when no in-situ sacrifi 
cial layer is incorporated. 
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4 
Thus, in accordance with aspects of the present invention, 

there is provided a seal assembly comprising a multi-layer 
seal Surface in which at least one of the Surfaces changes from 
a first state to a second state having a density of embedded 
particles. Preferably, the second State has a higher concentra 
tion of particles or density than the first state. Aspects of the 
present invention further comprises a seal assembly in which 
an inner seal is made to last longer, Such as having a reduced 
wear pattern in an abrasive environment, by incorporating a 
sacrificial layer. In an embodiment, the sacrificial layer is 
made from a pliable elastomer material adapted to change 
from a first state to a second state, said second State charac 
terized by the presence of particles not present in the first 
State. 

In a further aspect of the present invention, there is pro 
vided a method for reducing wear rate of a seal surface of a 
seal assembly, said method comprising forming a sacrificial 
layer in-situ with a plurality of particles not originally present 
in the seal assembly. In a specific embodiment, the particles 
are accumulated from the fluid medium in which the seal 
assembly operates. 

In a yet further aspect of the present invention, there is 
provided a method for allowing and encouraging the embed 
ding of abrasive particles in a soft elastomer lamination layer 
so that the lamination layer comprises the same abrasive 
particles as the abrasive particles in the fluid medium in which 
the seal assembly operates. 

In certain applications, a shaft sleeve (not shown) is incor 
porated over the shaft 20 so that the seal assembly can seal 
against the sleeve. The shaft sleeve may be hardened using 
known methods, such as by quenching, diamond coated, etc. 

Although limited embodiments of seal assemblies and 
their components have been specifically described and illus 
trated herein, many modifications and variations will be 
apparent to those skilled in the art. For example, a different 
combination of inner seal layer and backing ring may be used 
instead of PTFE and PEEK. As another example, two or more 
sacrificial layers may be incorporated in a seal assembly. For 
example, the inner most sacrificial layer may have a softest 
material and the second inner most sacrificial layer may have 
an increasingly stiffer material. Accordingly, it is to be under 
stood that the seal assemblies and their components con 
structed according to principles of this invention may be 
embodied other than as specifically described herein. The 
invention is also defined in the following claims. 
What is claimed is: 
1. A seal assembly comprising a rigid backing ring made of 

a first material having an axially extending flange; a seal ring 
made of a second material positioned next to the backing ring 
and in mechanical engagement with the backing ring and 
having a sealing lip; an inner seal ring made of a third material 
in mechanical contact with the seal ring; a retaining ring 
positioned away from the backing ring for fitting against a 
housing, and located, at least in part, between the seal ring and 
the inner seal ring; and an energizer overlapping the seal ring, 
the inner seal ring, and the backing ring, at least in part, along 
a radial direction for biasing the sealing lip in a radial direc 
tion; and wherein the inner seal ring is made from a material 
configured to receive media particles in situ. 

2. The seal assembly of claim 1, wherein the media par 
ticles are abrasive particles present in a fluid medium. 

3. The seal assembly of claim 2, wherein the seal ring 
comprises a PTFE material. 

4. The seal assembly of claim3, wherein the inner seal ring 
is a sacrificial layer. 

5. The seal assembly of claim 3, wherein the backing ring 
comprises at least one of a PEEK material, a ferrous metal, a 
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non-ferrous metal, polyetherketoneketone (PEKK), polyaryl 
ether ketone (PAEK), and polyether imide (PEI). 

6. The seal assembly of claim 1, wherein the energizer is a 
canted-coil spring. 

7. The seal assembly of claim 1, wherein the inner seal ring 
is made from at least one of a thermoplastic polyester elas 
tomer, a resilient elastomer, and a thermoplastic elastomer 
material. 

8. The seal assembly of claim 1, wherein the inner seal ring 
comprises a plurality of pockets or Voids for receiving media 
particles in situ. 

9. The seal assembly of claim 8, wherein the energizer 
biases the inner seal ring radially along a first direction and 
radially along a second direction, which is opposite the first 
direction. 

10. A combination seal assembly and shaft comprising: a 
seal ring comprising a receiving area and a seal lip in contact 
with the shaft; an inner seal ring received in the receiving area 
of the seal ring; a rigid backing ring in contact with the seal 
ring; a retaining ring positioned away from the backing ring 
for fitting against a housing, and located, at least in part, 
between the seal ring and the inner seal ring; an energizer 
overlapping the seal ring, the inner seal ring, and the backing 
ring, at least in part, along a radial direction and biased against 
the inner seal ring; and wherein the inner seal is a sacrificial 
layer having a first state and a second state, said second state 
characterized by a Surface having a plurality of particles not 
present when in the first state. 

11. The combination seal assembly and shaft of claim 10, 
further comprising a locking ring mechanically coupled to the 
inner seal ring. 

12. The combination seal assembly and shaft of claim 10, 
wherein the inner seal ring comprises a channel, and wherein 
the energizer is located within the channel of the inner seal 
r1ng. 

13. The combination seal assembly and shaft of claim 10, 
wherein the energizer is a canted coil spring. 

14. The combination seal assembly and shaft of claim 10, 
wherein the shaft is a pump shaft or a shaft sleeve. 

15. The combination seal assembly and shaft of claim 10, 
wherein the seal ring comprises a PTFE material. 

16. The combination seal assembly and shaft of claim 10, 
wherein the inner seal ring touches the shaft. 

17. The combination seal assembly and shaft of claim 10, 
wherein the backing ring comprises at least one of a PEEK 
material, a ferrous metal, a non-ferrous metal, polyetherke 
toneketone (PEKK), poly aryl ether ketone (PAEK), and 
polyether imide (PEI). 
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18. The combination seal assembly and shaft of claim 10, 

wherein the inner seal ring is made from at least one of a 
thermoplastic polyester elastomer, a resilient elastomer, and a 
thermoplastic elastomer material. 

19. The combination seal assembly and shaft of claim 10, 
wherein the inner seal ring comprises a plurality of pockets or 
voids for receiving the plurality of particles. 

20. The combination seal assembly and shaft of claim 19, 
wherein the energizer biases the inner seal ring in a first 
direction towards the shaft and a second direction away from 
the shaft. 

21. A method for forming a sacrificial layer in-situ com 
prising: 

providing a seal assembly comprising a rigid backing ring 
made of a first material having an axially extending 
flange; a seal ring made of a second material positioned 
next to the backing ring and in mechanical engagement 
with the backing ring and having a sealing lip; an inner 
seal ring made of a third material in mechanical contact 
with the seal ring; a retaining ring positioned away from 
the backing ring for fitting against a housing, and 
located, at least in part, between the seal ring and the 
inner seal ring; and an energizer overlapping the seal 
ring, the inner seal ring, and the backing ring, at least in 
part, along a radial direction for biasing the sealing lip in 
a radial direction; and wherein the inner seal ring is a 
sacrificial layer and is made from a material configured 
to receive media particles in situ; and the sacrificial layer 
comprises an elastomer layer having a Surface having a 
first concentration of media particles; 

mounting the seal assembly onto a shaft and placing the 
shaft in dynamic motion; and 

wherein the sacrificial layer is configured to receive media 
particles when the shaft is in dynamic motion so that the 
elastomer layer comprises a second concentration of 
media particles, which is greater than the first concen 
tration of particles. 

22. The method of claim 21, wherein the rigid backing ring 
is made of a first material; the seal ring is made of a second 
material; and the inner seal ring is made of a third material. 

23. The method of claim 21, wherein the energizer biases 
the sealing lip against the shaft. 

24. The method of claim 23, wherein the energizer is a 
canted coil spring. 

25. The method of claim 22, wherein the inner seal ring is 
filled with a plurality of pockets or voids. 
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